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Thursday, March 24, 2011

Z bosons forward and
backward

proton

electron

positron

Because it is well known that protons and

antiprotons contain quarks, we can precisely study
subtle interplays of how guarks interact to form 2
bosens and photons.

Today's result involves a study of
photons and Z bosons. Photons carry
the electromagnetic force. Z bosons
carry the weak force. For photons, the
laws of physics are symmetric. This just
means that if you see an electromagnetic
physics process going to the right. you
could just as easily see it going to the
left. Z bosons do not have the same
symmetry. If you see a weak force
process going to the left, you'll rarely see
it going to the right. It makes you wonder
how physicists were able to show in the
1960s that the electromagnetic and weak
forces were two facets of the same thing.

Technically, this asymmetry is called the
forward/backward asymmetry, although
we have substituted the words left and
right because it's a bit easier to visualize.
Which of the two forces dominates
depends on the energy of the collision,
which explores the interplay between the
weak and electromagnetic forces.
Further, the asymmetry is different for up

1/9/2015

and down quarks_

The LEP experiments at CERN
dominated the study of Z bosons during
the 1990s and many of those results are
still the best ever. These experiments
studied a large s vents in which
electrons and their antiparti

positrons, annihilated to make Z bosons.
The Z bosons decayed into a pair of
quarks and antiquarks. The experimenis
recorded the direction in which the quark
was produced (lefl vs. right). Quarks
aren't ¢’ get more precise.
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For particle physics experiments, relisble computer
operations are the cornerstone on which all other
achievements are based. These physicists are
responsible for DZero computer operations.
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This plot shows the probabilities of finding up and
down quarks with different fractions of a proton's
mementum. The vertical axis is arbitrary and
different for the two curves.

Disponible en espariol

The parts inside of a proton are called, in
a not terribly imaginative terminology,
partons. The partons that we tend to
think of first and foremost are quarks —
two up guarks and a down quark in each
proton — but there are other kinds of
partons as well.

Each parton in a moving proton carries
some momentum, which is a fraction of
the total momentum of the proton.
Because the partons interact with each
other constantly, the momentum of a
parton keeps changing. So at any
particular time, there is some probability
that the down quark is carrying, say, half
the momentum of the proton, and later it
might be a quarter of the total
momentum. The fraction is called x.
When the down quark is carrying half the
momentum of the proton_ it has an x of
0.5. These probabilities are key
ingredients in calculating what happens
in a hadron collider and can only be
deduced from experiment.
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The figure shows plots of the

probal pzero has measured the asymmetry in N
atpart electron and positron directions relative [14 4 A3 )
scalej 1o the direction of the proton's motion 5: = ‘[/ -L
matter YWhen it collides with antiprotons in the

Tevatron. The result is the most precise
down 1 measurement of this asymmetry to date

and provides & ant information about
:g:‘;;; P ¢ protons Nttp://www.fnal.gov/pub/today/archive/archive_2014/today14-11-13.html

. That information is critical in pre

relatV \what happens in all sorts of collisions
MOME involving protons, such as those at
has g neutrino and LHC experiments.
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W boson asymmetry
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